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1. Introduction

The objective of this contract is to develop improved numeric algorithms for the computation of
spacecraft charging on earth orbiting spacecraft. This work is part of the Nascap-2K program,
which is a joint program with the Space Environment Effects (SEE) program at NASA/MSFC.
The end result of the program will be a set of user friendly computer codes that compute
spacecraft charging in all environments. We envision the completed Nascap-2K software as a
replacement for NASCAP/GEO, POLAR, NASCAP/LEO, and DynaPAC. The SEE program is
supporting development of the graphical user interface.

The primary focus of work on this contract has been the development of a computer code that
computes spacecraft charging using the Boundary Element Method (BEM) and on the
development of the Object Toolkit, which is used to define spacecraft geometry and materials for
Nascap-2K. The algorithms contained in the BEM charging module are described in Section 2.
The Object Toolkit is described in Section 3.

The Nascap-2K computer codes are an extension of the DynaPAC (Dynamic Plasma Analysis
Code) computer codes previously developed for the Air Force. DynaPAC was designed as a user-
friendly and programmer-friendly workbench for studying plasma interactions with realistic
spacecraft three dimensions. It enables plasma interactions specialist to perform realistic analyses
with direct application to engineering problems.

DynaPAC was written in FORTRAN, with some support routines in C, for the UNIX operating
system. Nascap-2K presently runs on the Win32 platform. A first effort under this contract was
porting DynaPAC to the Win32 platform and the Developer Studio development environment.
New code written for Nascap-2K is being written in Java and C++. Under this contract DynaPAC
was ported to the Linux operating system. We anticipate that porting the rest of Nascap-2K to
Linux to be straightforward. Whether this will be done under this contract for a future one will be
determined in consultation with the contract manager.

Nascap-2K consists of several modules. The modules communicate by XML files, direct
subroutine calls (DLL import/export), JNI subroutine calls, and the DynaPAC database. XML
files are used for input, which a user may wish to edit manually with a text editor or XML editor.
XML Schemas specify the formats of the XML files. On Windows, the C++ modules validate
their input files in accordance with the Schemas. Modules which may be executed indirectly
(BEMDriver and all the DLL’s) need to be placed where the system can find them (i.e., some
directory in the user’s path).

The following modules have been developed for Nascap-2K:

1.  Object Toolkit (Java Application) is used to create finite-element representations of
spacecraft surfaces. It also has materials editing capability, and can import Patran objects. It
can also import objects from the DynaPAC database. Output (in XML) contains the recipe
for recreating/reassembling the object, object definition by nodes and elements, and
material definitions. Object Toolkit is described in Section 3.




2. Nascap2K GUI (Java Application) is the user interface for Nascap-2K. It is based on an
index-tab metaphor, and contains tabs for problem selection, object definition (with a
limited version of Object Toolkit), initial conditions (not implemented), environment
specification, runscript creation and execution (rudimentary), “TermTalk-like” results
analysis, and 3D display of surface potentials and fields. In addition to the object definition
output file, it writes the run directives for BEMDriver (XML), the Windows Script file to
run BEMDriver (XML/JScript), and a “project file” (XML) to save its state. This module
was developed under contract with NASA and is not described further here.

3. BEMDriver (C++ Windows Console Executable.) (A Windows Console Executable is an
executable that is run by typing the executable name in a console window, similar to the
way the DynaPAC modules are run under UNIX.) BEMDriver orchestrates the running of a
simulation. It reads an XML input file containing the commands to be executed, and passes
these commands on to the BEMDLL. Additional details appear in Section 2.

4. BEMDLL (C++ Windows DLL.) (A Windows DLL is the same as a UNIX .so, shared
object) BEMDLL performs the Boundary Element Method analysis. It reads the object
definition output file (XML), converts the object information to the DynaPAC structure,
and stores it in the database. It exports standard methods (called by BEMDriver to
orchestrate calculations) and JNI methods (called by the Java Applications to retrieve
results). Discussion of the algorithms used is in Section 2 below.

5. DynaBase (Fortran Windows DLL) is the C++ callable gateway to the DynaPAC database.

6. Lapack (C++ Windows DLL) is a custom implementation of matrix solver/inverter
programs needed by Nascap-2K.

7. Photoemission (Java Application) may be used to build the XML photo-emission spectrum
files needed for solar wind environments. Details appear in Section 4.

Under direction of contract manager Dr. David Cooke, we supported the STEREO mission by
doing spacecraft charging calculations. This provided an opportunity to test and expand the
capabilities of the Nascap-2K computer code and its algorithms. This work is described in a
presentation made at the STEREO/Impact SWG Meeting in Berkeley, CA. This presentation is
included here as Section 5 below.

In addition, this contract supported development of a Rapid Alert Charging Tool. This work is
described in Section 6 below and in the publication I. Katz, V. A. Davis, M. J. Mandell, D. L.
Cooke, R. Hilmer, L. Habash Krause, Forecasting Satellite Charging: Combining Space Weather
and Spacecraft Charging, AIAA 2000-0369.

The scientists and other researchers who contributed to this work are as follows: Dr. Myron. J.
Mandell, Dr. Ira Katz, Mr. Jeffery M. Hilton, Dr. Victoria A. Davis, Mr. David Monjo, Mr. Dale
Lovell (summer intern), and Ms. Barbara M. Gardner.




This contract is a follow on to work performed under earlier contracts F19628-91-C-0187, Space
System-Environment Interactions Investigation, F19628-93-C-0050 Modeling and Post Mission
Data Analysis, and F19628-89-C-0032 Analysis of Dynamical Plasma Interactions with High
Voltage Spacecraft. NASA supports related work under contract NAS8-98220. :

The following publications were supported in total or in part by this contract.

I. Katz, V. A. Davis, M. J. Mandell, D. L. Cooke, R. Hilmer, L. Habash Krause, Forecasting
Satellite Charging: Combining Space Weather and Spacecraft Charging, AIAA 2000-0369.

M. J. Mandell, I. Katz, D. L. Cooke, Towards a More Robust Spacecraft Charging Algorithm,
ATAA 99-0379.

M. J. Mandell, I. Katz, J. M. Hilton, J. Minor, D. L Cooke, NASCAP-2K--A4 Spacecraft Charging
Analysis Code for the 21° Century, AIAA 2001-0957.




2. BEM Charging Module
Boundary Element Method Algorithm

Among the difficulties of developing accurate and robust algorithms for spacecraft charging has
been the inability to calculate accurate electric fields, let alone to predict how electric fields will
change as a result of surface potential changes. We proposed at the AFRL Spacecraft Charging
Conference (November 1998) and at the AIAA Aerospace Sciences Meeting (January 1999)
using the Boundary Element Method to calculate accurate electric fields, and as the basis for
implicit charging equations.

The Boundary Element Method (BEM)' is a means for relating fields and potentials in a region
to sources on the boundary of the region. It is comparable to a sum over the coulomb field of all
the charges in a region rather than a field solution. In our case, the region is the space exterior to
a spacecraft, and the boundary is the spacecraft surface. Also, we assume the “free space Green’s
function”, i.e., the potentials in the region will obey Laplace’s equation.

The sources are sheets of charge coincident with the spacecraft model’s surface elements. We
assume that each surface element, j, has a constant charge density, o;. The familiar relation for
the potential of a point charge then generalizes to an integral over the object surface:

-_4 o.
V= ey — > = Zjdzr, ~
J ij

where V; which could be the potential at any point in space, is considered as the potential at the
center of a surface element. Similarly, the familiar relation for the electric field of a point charge
generalizes to:

o.
E= q —P (47[50)Ei =Z dzrj -—;(l‘, —rj)
dre,r’ 7 7

where E;is the electric field at some point in space, the point again taken at the center of a
surface element.

We express the relations of potential and electric field to charge density as matrices:

V.=[C");0, E,-n =Fo,

by

These can be combined to obtain a relation between normal electric field and voltage:

E;-n, =F,C,V,

This last relation is the key to developing relations between surface charge, surface potential, and
surface currents in order to derive charging equations.




Doing the Integrals

To get C we need to do integrals of the form

o,

2, 9
Jdrjr
;

There are tricks to doing these integrals, which can be found in the literature. Denote the field
point, r; as P, and take the domain of integration as triangle ABC. Then, the vector from the field
point to anywhere on the triangle can be parameterized as

r; = PA+uAB+uvBC

where PA, AB, and BC are vectors between pairs of points, and « and v are parameters, each in
the interval [0,1]. The square of the distance, rj, then becomes

!
ij "ry L = ZTkluv

0sk,1s2

where the coefficients Ty are pairwise scalar products of the three vectors above. Now, the
integral can be expressed as

1

1
C; G;
J’dzrJ . va udu J
rlJ 0 \/VO +V1u +V2u

where the V; coefficients are functions of v.
The inner integral (over #) may be found in standard integral tables:

([ 1 c+bx+ax2 b

xdx
Ve + bx +ax? a \/c+bx+ax
2\/§Vc+bx+ax +2ax+b

L.

—log

\/c+bx+ax ‘/_

We are left to do the outer integral (over v) numerically. To facilitate this, we select the vertex A
such that the scalar product PA-BC is the minimum of the three choices. Then, very few
integration points are needed in the outer integral (over v). (We use 5-point Simpson’s rule in the
current implementation.)

<,

The integrals for the electric field are similar, although there are more of them. The same
techniques apply.




Test for Accuracy

We test for accuracy by calculating the electric fields on the surface elements of a uniform
potential sphere. The sphere model (see Figure 1) was originally defined using Patran, and has 90
surface elements and 92 nodes. It provides a fairly coarse mesh over the surface of the sphere.

Figure 1. Patran sphere.

Figure 2 shows the result of the BEM calculation. Note that the total variation of electric field
over the surface is only three percent. Also, the apparent radius of the sphere (given by V/E) is
within three percent of the nominal radius.
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Figure 2. Normal electric field on a uniform potential sphere as computed using BEM.




By contrast, the same calculation using DynaPAC gives an electric field variation of seven
percent, and a mean value of electric field that is about fifteen percent high. NASCAP/LEO
gives an eight percent variation, and a value that is about twenty-five percent high. No
comparison can be made with NASCAP/GEO, as that code neither calculates external electric
fields, nor can it accept a sphere as geometrical input.

Charging Equations

To develop charging equations, we need to express physical charges on physical surfaces in
terms of the voltages on the same objects. We can then proceed to calculate what voltage changes
will be produced by changes in charge (currents). Because the interior of a spacecraft is NOT
free space, the physical charge densities bear no relation to the o’s, which we have now
eliminated from the calculation.

To get the physical charges we use Maxwell’s divergence equation in the form ¢ = V-D. Figure 3
shows the “Gaussian pillboxes” used to calculate the actual surface charges on insulating
surfaces and on conductors.

Figure 3. “Gaussian pillboxes™ used to calculate the actual surface charges on insulating surfaces
and on conductors.

For an insulating surface, the external field is E-n, which we obtain from the BEM solution. The
internal field is related to the capacitance between the insulating surface and its underlying
conductor. Thus, the total charge, ¢; on such a surface is given by:

gi=A4;,(E-n); +Cio(V; -V;)

For a conductor, since charges are mobile, it is not useful to know the charge on each individual
surface, but we need to work with the total charge on the conductor. Conducting surfaces include
the obvious “bare” surfaces, as well as the surfaces that underlie the insulating surfaces. In both
cases, we have zero electric field internal to the metal. To obtain the total charge on all the
surfaces of the conductor, we need to sum the external-field charge terms for the bare conducting
surfaces, plus the capacitive-charge terms for the insulator-metal interfaces:

Q.= 2A4;/(E-n); - 2XCi(Vi=V,)

bare insulators




We previously found the BEM expression for the external fields in terms of the cell potentials:

E n = FikajVj
Substituting this into the equations for q; and Q,, performing the indicated sums, and adding the
capacitive terms, we get the matrix equation:

Q=GV
where the vectors are composed of contributions from all the insulating surfaces and a single
term representing all the bare conducting surfaces.

Q = {qla q29 e ,Qna QC}
V={V, Vs .., V, Vg

where Q and V only contain entries for those entities physically capable of accumulating charge,
viz., conductors and insulating surfaces, and the charges and potentials are related by the
charging matrix, G.

We are looking for an equation that relates currents to voltage changes. So, we differentiate the
charge equation in time:

I=Q=GV
Discretize to a finite time interval:
IAt=G[V(t+At)- V()]
Implicitize by evaluating current at the final time (also, for simplicity, changing [t+At,t] to [t,0]):
I(0)t =GV (1)~ V(0)]

Linearize currents with respect to voltage (since we do not know the final voltages at which the
current is to be evaluated):

I0) ~10)+I'[V(@)-V(0)]
And, solve the equation:
[G-Tt]V(t) =[G -I't]V(0) + I(0)¢

This gives us a straightforward matrix equation. Everything on the right-hand-side is known, and
we can solve using standard linear algebra equation solver packages.

Before proceeding to examples, it is worth commenting on the derivative of current, I'; = 0I;/0V;,.
Consider three cases:

1. For current sources such as incident plasma current, we usually approximate the current as
a function of the local voltage only. This gives a diagonal term in I'y. Since such currents
decay exponentially, some care must be taken not to underestimate the final current if the




voltage is changing in such a direction that the current is increasing (i.e., electron current
for a surface whose potential is increasing (toward zero) from a large negative potential).

2. Conductivity current, such as I; = o(V-V,), contributes off-diagonal as well as diagonal
terms to the current derivative matrix. Surface conductivity contributes many more off-
diagonal terms.

The case that causes great difficulties for NASCAP/GEO is I; = I{E-n). This occurs for a
photo-emitting surface at negative potentials. The problem is that the local electric field is a
function of the potentials on all the surfaces. But, the BEM provides us with exactly that
function. So, we can now compute the term

W

I, =0I,/0V,=8l,/8Ex0E,/CV;
using the relation _
E;-n =F,CJV,
derived from the BEM.

Example: Sunlit Sphere

We are now ready to recalculate the charging of a sunlit Teflon sphere inalcm?, 20 keV
plasma. The NASCAP/GEO version of this was published in 1978.” A modem version of the
original result is shown below in Figure 4. The dark side of the sphere gradually charges negative
due to incident plasma electrons, while photoemission grounds the sunlit side. The sun direction
is (1,1,1) (from the upper right). Eventually, however, the strong negative potentials due to the
dark surfaces “wrap around” the sphere and form a barrier to photoelectron escape. The potential
of each sunlit surface is subsequently determined by the condition that its electron field has a
small, positive value (too small to be seen in Figure 4), so that just the right fraction of
photoelectrons can escape over the barrier.
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Figure 4. Potentials about sunlit QSphere in space as computed by NASCAP/GEO.




Figure 5 and Figure 6 below show the BEM solution (using DynaPAC graphics). The subsolar
point is the least negative point.
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Figure 5. Potentials on sunlit Patran sphere in space viewed from direction (1,2.3) as computed
by BEM.
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Figure 6. Potentials on sunlit QSphere in space viewed from direction (1.2,3) as computed by
BEM.
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Figure 7 is another view of the BEM solution, showing more of the dark side. Despite the fairly
coarse gridding on the sphere, the gradual potential gradient on the sunlit side and the constant,

large negative potential on the dark side are clearly seen in the BEM solution.
sphare

Prgantisie ¢ tom + 2F L0 (5 Wlem <8 W2

S
Figure 7. Potentials on sunlit Patran sphere in space as computed by BEM.

The table below compares the original NASCAP/GEO solution with the current NASCAP/GEO
and Nascap-2K BEM solutions.

Table 1. Results comparison.

NASCAP/GEO | NASCAP/GEO | BEM BEM

1978 1999 QSphere | Sphere

Min. Potential -3600 -2700 -2880 -2730
Max. Potential -1000 -1000 -1160 -870
Min. Field ' -18300 | -5550
Max. Field 4.64 4.58

Note that, even though the same input is used, we can no longer reproduce the original
NASCAP/GEO 1978 result because the treatments of secondary emission, backscatter, etc. have
changed in unknown ways. But, the general character of the solution is the same, and differences
among the remaining calculations are all plausible. In particular, the difference in minimum
electric field (which occurs in the dark area near the terminator) is attributable to the smaller cell
size for the QSphere compared with the Patran sphere. (Since we currently have no way of
defining a QSphere for DynaPAC on the Win32 platform, the QSphere was manually input to the
BEM module, and no graphics were available)) We did not keep careful track of the
timestepping, but the case of all negative potentials (with photo-emission currents depending on
electric field) seemed to go very smoothly.
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Implementation in Nascap-2K

The BEM Charging Module is a DLL (BEMDLL.DLL) written in C-+, and implemented on the
Win32 platform. It uses another DLL, DynaBASE.DLL, to call DynaPAC’s database routines,
return geometric and material information to the caller, and insert the caller’s results, surface
potentials and electric fields, into the DynaPAC database. Nascap-2K can display time histories
as plots or text and a three-dimensional representation of the surface potentials. Existing
DynaPAC graphics routines can also be used to display results.

BEMDLL is accessed by using either the BEMDriver application described below or the Nascap-
2K GUI, which is under development.

Formulations for incident plasma current, secondary emission, etc. have been adapted to C++
from the SEE Handbook, which contains Java versions of the original NASCAP/GEO
FORTRAN routines. In principle, these should give the same results as NASCAP/GEOQ.

Treatments for shadowing and for a photo-emission spectrum were incorporated. Multiple biased
conductors and a model for solar wind (beaming) ions were added.

This algorithm was also implemented in the SEE Spacecraft Charging Handbook.* The
implementation in the SEE Handbook was refined by testing against a variety of spacecraft
models and environments. The accuracy and robustness of the algorithm was much improved,
and the improvements were implemented in the BEM Charging Module. Figure 8 shows the
default spacecraft geometry for the SEE Spacecraft Charging Handbook. The solar arrays are
material Solar with Black Kapton backs. The sides of the body are covered with OSRs and
everything else is Kapton. The plot shown in Figure 9 shows five minutes of charging for this
object in sunlight using the NASA recommended Worst Case environment. The calculation was
done using 20 geometrically progressive timesteps. Figure 9 shows potential vs. time for the
chassis and the minimum and maximum insulator potentials. Detailed charging results appear in
Figure 10. Figure 11 shows the first second of charging, illustrating the initial positive potentials.
Figure 12 shows the first second of charging in eclipse. In the latter case, the model still initially
charges positively because of the high emission of the solar cells. With only ten timesteps the
calculation shows some wiggles. As shown in Figure 13, increasing the number of timesteps to
twenty damps out the wiggles while leading to very nearly the same result.

Figure 8. Default spacecraft in SEE Spacecraft Charging Handbook.
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Figure 9. Five minutes of charging in sunlight.

Materiak: Kapton OSR SolarCells  Black Kapton
Color: | Ped || Gireen _~]{Ble || Yelow ]
Sunlit Area (m?) 154 400 320 0
Dark Area (m?) 155 400 0 320
Max. Potential (KV) -4.400 -4 689 -2812 -5.384
Min. Potential (k) -6.753 -5.414 -4.210 -5.394
Max Differential ()  0.99352 0.65464 2.7818 0

Min. Differential (&)~ -1.3595 -0.019673 1.1843 0
Initial Current (A) 1.42e-4 3.07e-5 7.2Be-4 -5.22e-5
Final Current (A) -1.32e-5 -5.26e-7 4.3%e-5 -3.09e-5

Figure 10. Results of five minutes of charging in sunlight. The colors refer to the SEE Spacecraft
Charging representation of the spacecraft, which is shown in black and white in Figure 8.
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Figure 11. The first second of charging in sunlight.
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Figure 12. First second of charging in eclipse, 10 timesteps.
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Figure 13. First second of charging in eclipse, 20 timesteps.

Results from this algorithm have also been compared to NASCAP/GEO calculations and to
spreadsheet calculations, showing acceptable agreement.

BEMDriver Details

BEMDriver is a Windows console executable that orchestrates a charging analysis (performed by
BEMDLL). It can be run from the command line or via a Windows Script file. The Windows
Script file can be executed either directly or from the Nascap-2K GUI. (If the process is executed
from the GUI under Windows 9x or Windows Me, BEMDriver output will appear in the Java
Console window.) BEMDriver reads an XML command file specifying the details of the
calculation, such as initialization, conductor potentials, and environment. The Nascap-2K GUI
can be used to generate the Windows Script file and a rudimentary version of the XML command
file. More sophisticated command files can be created using a text editor. It is planned that future
versions of the Nascap-2K GUI will be able to automatically generate more complex command
procedures.

BEMDriver takes as optional arguments the filename of the XML command file and the
directory in which it is to run: BEMDriver [xmlcommandfile[ rundirectory]].If
the rundirectory is omitted, it is assumed to be already in the correct directory. If the
xmlcommandfile is omitted, it will present a dialog to find it.

A sample Windows Script file to run BEMDriver is:
<?xml version="1.0"?2>

<job id="BEMDriver">
<script language="JScript">

var Shell = WScript.CreateObject ("WScript.Shell");
Shell.Run ("BEMDriver OnePanelDriver.xml
E:\\Nascap2000\\STEREO\\ ",1,true);
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</script>
</job>

A sample xmlcommandfile (OnePanelDriver.xml) is:
<?xml version="1.0"?>

<BEM xmlns="x-schema:BEM schema.xml" Prefix="OnePanel">
<COMMAND cmd="ReadXML"
FileName="E:\Nascap2000\STEREO\OnePanelObject.xml" />
<COMMAND cmd="ReadDynaPAC" />

<COMMAND cmd="Calculate Matrices" />

<COMMAND cmd="DefineInsulators" />

<COMMAND cmd="SetSunDirection" x="0.0" y="0.0" z="1.0" />

<COMMAND cmd="SetGeoEnvironment">

<Environment nel="1000000.0" tel="3.0" nil="100000.0"
til="1000.0" />

</COMMAND>

<COMMAND cmd="ReadPhotoemission" FileName="WindPhoto.xml"

/>

<COMMAND cmd="SetConductorBias" Value="60." Index="2"
Index2="1" />

<COMMAND cmd="PrepareChargeMatrix" />

<COMMAND cmd="DoTimeSteps">

<TimeParams nsteps="90" endtime="180" begintime="0.0"
mindt="0.1" />

</COMMAND>

</BEM>

BEMDriver Commands
Currently implemented commands include:

ReadXML - reads object from XML info to Database
Attributes: FileName (optional)

- path to xml object file containing nodes and elements
ChildElements: None

ReadDynaPAC - Opens Database and gets object info
Attributes: Prefix (optional)
- prefix to use for Database files
ChildElements: None

ReadPhotoemission - Read photoelectron spectral data
Attributes: FileName (optional)
(if no FileName, looks for "prefix.photo.xml".
If that is not found, uses default photoemission.)
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ChildElements: None

CalculateMatrices - Calculate the BEM matrices for the model.
Attributes: None.
ChildElements: None.

ReadPotentials - Read potentials from the Database.
Attributes: None.
ChildElements: None.

WritePotentials - Write potentials to the Database.
Attributes: None.
ChildElements: None.

Definelnsulators - Step towards eliminating conductive surfaces from the matrices.
Attributes: None.
ChildElements: None.

SetSolarWindIons- Ions beam from sun direction and are shadowed.
Maxwellian TI1 is used as energy.
Attributes: None.
ChildElements: None.

SetConductorBias - Sets bias value for a conductor.
Attributes: Value - value of bias potential.
Index - index of biased conductor.
Index?2 - index of reference conductor.

SetSunDirection - Sets direction from spacecraft to sun.
Attributes: X, y, and z - components of sun vector.

SetSunlIntensity - Sets sun intensity
Attributes: Value - ratio to solar intensity at Earth's orbit.

SetGeoEnvironment - Sets (a sequence of) Geosynchronous Environments
ChildElements: Environment - (at least one required.)

Set_Element_Potentials - set potential of all elements to a single value.
Attributes: Value (defaults to 0.0)

PrepareChargeMatrix - Compute additional matrices needed for timestepping.
Attributes: None.
ChildElements: None.

DoTimeSteps - Perform timestepping of charging and potentials.
Attributes: None
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ChildElements: TimeParams - (at least one required.)
Child Elements:

Environment - Geosynchronous Environment Description
Attributes: nel, tel, nil, til (required) - properties of primary maxwellian
ne2, te2, ni2, ti2 (optional) - properties of secondary maxwellian;
from, to (optional) - effective time for time-dependent environment

TimeParams - Parameters for setting timesteps
Attributes: (all optional)
begintime - timestamp (s) at beginning of timestep sequence
(default 0 or previous endtime).
endtime - timestamp (s) at end of timestep sequence (default 1).
nsteps - number of timesteps (default 1).
mindt - duration of first timestep (default 0.1).

18
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3. Object Toolkit

Object Toolkit (Java Application) is used to create finite-element representations of spacecraft
surfaces. It also has materials editing capability, and can import Patran objects. It can also import
objects from the DynaPAC database. Output (in XML) contains the recipe for
recreating/reassembling the object, object definition by nodes and elements, and material
definitions. The Help Menu provides access to on-line documentation.

The screen for Object Toolkit looks as shown in Figure 14. The first four Cursor Tools are used to
put the cursor in a mode to select specific objects, elements, edges, or nodes. The next two are
used to put the cursor in a mode to translate or rotate the selected object. The final two Cursor
Tools are used to put the cursor in a mode to translate or rotate the view. The Direct Movement
and Rotation tools translate, scale, and rotate the view.

Figure 14. Object Toolkit screen.
Object Toolkit builds an object as a hierarchical assembly structure. Each “Assembly” consists
of two “Components.” Each “Component” may be an “Assembly” or 2 primitive object. The

available primitive objects are:

Brick — A hexahedron (six faces, eight nodes, twelve edges), which is usually rectangular.
Room — A subclass of Brick with thin dimensions (one zone) in the X and Y directions.
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Panel — A subclass of Brick that is thin in the Z direction, and has the +X and +Y faces
eliminated by sewing the edges together.

Dish — A primitive used to represent a parabolic antenna.

Cylinder — A primitive representing a 6-sided, 8-sided, or 4n-sided right cylinder (which
may be tapered).

Primitive — An object defined by its mesh. Currently, a primitive can be created by
converting a component, or by importing a Patran or DynaPAC object.

With each component of an assembly is associated a “Transformation” (from its local
coordinates to the assembly’s coordinates) describing how it is to be positioned within the
assembly. Components can be crudely aligned and positioned using the mouse tools, and
precisely aligned and positioned with some of the menu items described below. Certain types of
attachments (or “welds”) can be done (compatibly and without need for manual mesh editing)
using “Wizards” provided as part of the tool.

The File menu includes “ New”, “Open”, “Save”, “Save As”, “Save As BEM File”, “Import
DynaPAC Object”, “Import SEE Handbook Materials File”, and Exit.

The Edit menu includes “Undo”, “Redo”, “Cut”, “Copy”, “Paste”, “Paste Special”, “Edit
Component”, “Delete Component”, and “Select All”. The “Undo” and “Redo” are not fully
implemented. Extreme caution must be exercised when Editing and Deleting components as
elements may not match up in the same way after sizes of any components are changed.
Mysteriously distorted elements and mysteriously changed materials on elements can be caused

by elements no longer matching up as intended.

The View menu includes are “Hide”, “Hide Others”, “Show All”, “Material”, “Conductor”, and
“Select View”. Select View has options “From X Axis”, “From Y Axis”, “From Z Axis”, options
“From -X Axis”, “From- Y Axis”, “From- Z Axis”.

The Components menu includes “Add New”, “Add Component from File”, “Node Relative
Move”, “Align Edge”, “Center at Origin”, “Enter Assembly”, “Leave Assembly”, “Top
Assembly”, “Consolidate Components into Assembly”, and “Convert Component into
Primitive”. “Node Relative Move” is used to translate an assembly so that a node is at a specified
location. “Align Edge” is used to rotate an assembly so that an edge is oriented as specified.
These commands can be used to locate and orient the object for use by other tools, such as
Gridlool or Nascap-2K GUI. The three “Assembly” commands are used to select components
that have been consolidated into Assemblies. Once a component has been converted to a
primitive, only mesh editing is available.

The Mesh menu includes “Materials”, “Conductors”, “Create Element”, “Delete Element”,
“Divide Element”, “Combine Triangles”, “Reverse Elements”, “Edit Node”, “Combine Nodes”,
and “Rebuild Mesh”. “Materials” and “Conductors” is used to change the material or conductor
on the selected element. “Rebuild Mesh” does a comprehensive rebuilding of the mesh,
including renumbering. The mesh is usually only partially rebuilt each time a change in made in
the object. With experience, we hope to determine all those cases where additional rebuilding is
necessary and automate it, making this menu choice unnecessary.
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There are five wizards that move components so that they join. Components combined using a
wizard are automatically joined into assemblies. The five wizards are “Element to Element”,
“Edge to Element”, “Element to Edge”, “Edge to Edge”, and “Surface to Surface”. After using
the “Surface to Surface” wizard it is usually necessary to do some mesh editing as joining two
surfaces is too complex for easy automation.

The materials menu permits creating, deleting, and editing materials. Editing of which material is
on a specific surface is set when defining the component and by editing a specific surface using
the Materials choice on the Mesh menu.
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4. Photoemission

Spacecraft in the Solar Wind normally charge to positive potentials (a few volts to tens of volts)
to balance emitted photoelectron current with a very low current of ambient electrons.
Determining just how positive a spacecraft will charge requires more detailed knowledge of the
photoelectron spectrum than is required for geosynchronous charging, in which potentials are
negative and of much larger magnitude. Nascap-2K accepts definition of a photoelectron
spectrum as a sequence of energy-value pairs, where the value indicates the fraction of the
photoelectron spectrum lying above the energy. The definition is read from an external XML file.
A different spectrum may be specified for each material. If no spectrum is specified, the
photoelectron spectrum is assumed to be a 2 eV Maxwellian.

We have been provided with a single spectrum, based on data for the WIND spacecraft. The
XML file specifying this data is:
<?xml version="1.0"?>

<Photoemission xmins="x_schema:material schema.xm]">
<Material xmlns="" Name="OSR" totalemission="2.e-05">
<Spectrum energy="0.0" Value="1.0"/>
<Spectrum energy="5.18" Value=".108"/>
<Spectrum energy="5.93" Value=".0876"/>
<Spectrum energy="7.26" Value=".0641"/>
<Spectrum energy="9.41" Value=".0417"/>
<Spectrum energy="12.8" Value=".0233"/>
<Spectrum energy="18.3" Value=".0119"/>
<Spectrum energy="27.25" Value=".00522"/>
<Spectrum energy="41.77" Value=".00154"/>
<Spectrum energy="65.24" Value="2.4e-4"/>
</Material>
</Photoemission>

We built a Java Application, Photoemission, to construct this file. The application is shown

below in Figure 14. The “Validate” operation assures that the energies are increasing and the
fractions decreasing. The file can then be saved.
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5.

STEREO Electrostatic Analysis: Initial Results
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6. Rapid Alert Charging Tool

The Rice University Magnetospheric Specification and Forecast Model (MSFM) is being used
operationally to predict the magnetospheric electron and ion populations in the 100 eV to 200
keV energy range. These are the injected plasma sheet particles that form the ring current, and
precisely those particles that cause spacecraft surface charging. In parallel, there have been
improvements in the algorithms used to model charging of a given satellite in an assumed or
measured environment, as well as advances in our understanding of what charge configurations
make a spacecraft vulnerable to charging-related problems. This paper describes the first steps to
applying the prediction of space weather to the prediction of spacecraft charging. The analysis
predicts spacecraft charging by combining those parameters known to govern spacecraft
charging with an environment description provided by MSFM. The first results are encouraging.
Compared with three days of on-orbit spacecraft frame charging measurements from Charge
Control System (CCS) flown on the Defense Satellite Communication System (DSCS) III B-7
satellite, the method predicted spacecraft charging on the two days when DSCS III charged the
most (V¢> 300 V), but failed to predict charging on the third day when DSCS III experienced
only mild charging (V¢< 200 V).

The three days were chosen so that there was no CCS plasma source operation and the satellite
was not in eclipse. The three days, 45, 215, and 217 of 1996, also had spacecraft charging
ranging from a peak of 200 V negative on day 217, to a peak of 600 V negative on day 215.
Measured spacecraft potentials for the three days are shown in Figure 16. MSFM calculations of
the electron and ion fluxes for eight logarithmically spaced bins for energies of 32 eV to

200 keV. Fluxes were calculated at intervals of 15 minutes.
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Figure 16. Flight data showing DSCS spacecraft charging for three days in 1996.
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Net charging currents were calculated from the MSFM fluxes and material properties using the
following formula.

Iy = e AB; (fe (B; )1~ Yee (E;) ~ Yise (Ej) ~fp (By )1 - Yo (E:)

The values used for the secondary and backscatter yields are given in Table 2.

Table 2. Backscatter and secondary electron yields as a function of energy for incident ions
and electrons.

E (keV) 0.03 0.10 0.32 1.00 3.16 10.00 31.62 100.00
Ye 0.23 0.79 1.43 1.11 0.53 0.22 0.10 0.04
Yose 0.00 0.16 0.26 0.32 0.29 0.24 0.22 0.22
Ysp 0.04 0.04 0.06 0.37 1.25 2.56 3.65 4.00

The negative of the net current density is shown in Figure 17. We expect the spacecraft to charge
negatively when this current density is greater than zero. (Note the sign of the current was
chosen to agree with the way the charging is shown in Figure 16.) Notice that the maximum
calculated charging current occurs on Day 215 when DSCS 111 charged to ~700 V. The calculated
charging current density on Day 45 is very similar to that for Day 215, even though DSCS III
only charged to —~300 V on that day. No charging current is calculated for Day 217 when DSCS
III charged to —200 V. The net charging current is never more than a few percent of the incident
electron current due to secondary, backscatter, and ion currents.

S.E-11 4

——Day 45
~—=Day 215
= = Day 217

0.E+00

80000 100000

60000

-5.E-11

Charging Current Density (A/m2)

-1.E-10 -

Time (sec)

Figure 17. Calculated net charging current densities for the three chosen days. Spacecraft
charging is predicted for a brief period on two of the days.

The net charging current is never more than a few percent of the incident electron current due to
secondary, backscatter, and ion currents. Figure 18 shows the contributions to the current on day
215, 1996. The net charging current is less than 10% of the incident electron current. All the
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other contributions to the net current (secondary and backscattered electrons, and incident ions)
are of the opposite sign from the incident electron current.
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Figure 18. Incident electron and ion, and the net charging current density as calculated for
day 215, 1996.
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